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Abstract. Massive neutrino is an evidence of new physics beyond the Standard Model. One
of the well motivated new physics scenarios is a model with gauged lepton flavor symmetry. We
investigate neutrino properties in the minimal SU(3)`×SU(3)E gauged lepton flavor model. In
this model, three new species of fermions are introduced to cancel gauge anomalies. These new
fermions lead to a see-saw mechanism for neutrino mass generation. We impose the constraints
from perturbative unitarity in 2-2 scattering processes, as well as current experimental con-
straints, to obtain viable neutrino spectrum. We determine the lower bound, with the SU(3)`
gauge coupling set to 1, on the lightest neutrino mass of 3.76 × 10−3 (18.9 × 10−3) eV for the
normal (inverted) hierarchy.
This is a proceeding for Siam Physics Congress 2018, May 21-23 2018, Phitsanulok, Thailand.
1. Introduction
The neutrino has long fascinated physicists. Even though the neutrino was discovered in 1956 [1],
little is known about its properties. The discovery of neutrino oscillation [2, 3] established that
neutrinos have mass, albeit tiny one. This is in contradiction with the Standard Model (SM) of
particle physics. Hence massive neutrino is an evidence that there must be physics beyond SM.
Additionally, SM contains other theoretical puzzles: Why is the fermion flavor structure the
way it is? Why are there three families of quarks and leptons? What is the mechanism behind
very light neutrino? A promising framework that could explain these puzzles is the one in which
flavor is promoted to gauge symmetry [4, 5]. Thus, flavor structure is tied to the dynamic that
breaks flavor symmetry, and the number of families is related to the size of their representation.
Since our main interest is the neutrino, in this work we will focus on the gauged lepton flavor
symmetry of Ref. [5]. We will take the lepton flavor symmetry to be SU(3)`×SU(3)E which
acts on the electroweak lepton doublets and singlets respectively. The gauging of lepton flavor
introduces new gauge anomalies which must be canceled. This requires 3 extra sets of fermions
to be introduced. One of the new fermions acts as a right-handed neutrino which then generates
a small neutrino mass via a see-saw mechanism [6, 7]. The purpose of this work is to study
neutrino properties in the framework of the SU(3)`×SU(3)E gauged flavor symmetry.
2. The Model
In order to successfully gauge SU(3)`×SU(3)E flavor symmetry, two scalar fields (flavons), YE
and YN , and three fermion fields ER, EL and NR are introduced. Their transformation properties
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Table 1: Transformation properties of SM, extra fermions and flavon fields under the electroweak
(the first two rows) and the lepton flavor (bottom two rows) gauge group.
lL eR H ER EL NR YE YN
SU(2)L 2 1 2 1 1 1 1 1
U(1)Y -1/2 -1 1/2 -1 -1 0 0 0
SU(3)l 3 1 1 3 1 3 3¯ 6¯
SU(3)E 1 3 1 1 3 1 3 1
are listed in Table 1. Their interactions are encoded in the Lagrangian
L ⊃ iψ¯ /Dψ + Tr
[
DµY(DµY)†
]
+ LY uk + V (H,YE ,YN ), (1)
where ψ are the fermion fields and Y the flavons. D is the covariant derivative, e.g.
DµNR = (∂µ + ig`A`µ)NR, DµYN = ∂µYN − igl(A`µ)TYN − ig`YNA`µ, (2)
where A
`(E)
µ = A
`(E),a
µ T a with T a the SU(3) generator. For definiteness, we take T a to be half
the Gell-Mann matrices. The Yukawa interactions and fermion mass terms are
LY uk = λE`LHER + µEELeR + λEELYEER + λν`LH˜NR + λN
2
N cRYNNR + h.c.. (3)
Both electroweak and flavor symmetries are broken spontaneously by background of the scalars
H ≡ (v + h)/
√
2, YE ≡ 〈YE〉+ φE/
√
2, YN ≡ 〈YN 〉+ φN/
√
2. (4)
The mass matrices for the charged and neutral leptons are(
0 λEv/
√
2
µE λEYE
)
+ h.c.,
1
2
(
0 λνv/
√
2
λνv/
√
2 λNYN
)
+ h.c., (5)
where each entry is a 3 by 3 matrix. Both mass matrices are in a typical see-saw form. Taking
YE  v, µE and YN  v, we find the mass matrices for the light leptons, ml(ν), and the heavy
leptons, ME(N), satisfy
ME ' λEYE , mlME ' λEµEv/
√
2, and MN ' λNYN , mνMN ' λ2νv2/2. (6)
Working in the basis where YN is diagonal, we deduce
YN ' λ
2
νv
2λN
diag
(
v
mν1
,
v
mν2
,
v
mν3
)
, YE ' λEµE√
2λE
U †diag
(
v
me
,
v
mµ
,
v
mτ
)
U, (7)
where U is the lepton mixing matrix. Without loss of generality, we take mν1 < mν2 < mν3 .
Thus N1(N3) is the heaviest (lightest) heavy neutrino.
The mass matrix of the flavor gauge bosons is in block diagonal form
(
M2`` M
2
`E
M2E` M
2
EE
)
where
(M2``)ab = g
2
`
[
Tr
(
YE{T a, T b}Y†E
)
+ Tr
(
YN{T a, T b}Y†N
)
+ Tr
(
Y†N{T aT , T b T }YN
)
+2 Tr
(
Y†NT aTYNT b + Y†NT b TYNT a
)]
,
(M2`E)ab = (M
2
E`)ba = −2g`gE Tr
(
T aY†ET bYE
)
, (M2EE)ab = g
2
E Tr
(
Y†E{T a, T b}YE
)
.
(8)
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Figure 1: t- and u-channel Feynman diagrams contributing to the AaLA
a
L → AbLAbL.
Since YN  YE , A`,aµ are approximately the heaviest heavy flavor gauge bosons. In the limit
YE → 0, the A`,aµ mass matrix gives pairwise eigenvalues (in the unit of g
2
l v
4λ4ν
4λ2Nm
2
ν3
)
Mˆ2A1 = Mˆ
2
A2 + 2xy = x
2 + xy + y2,
Mˆ2A4 = Mˆ
2
A5 + 2x = x
2 + x+ 1,
Mˆ2A6 = Mˆ
2
A7 + 2y = y
2 + y + 1,
Mˆ2A± = x
2 + y2 + 1±√x4+y4−x2y2−x2−y2+1, (9)
where x ≡ mν3/mν1 , y ≡ mν3/mν2 . A`,±µ are mass eigenstates with(
A`,−µ
A`,+µ
)
=
(
cα sα
−sα cα
)(
A`,3µ
A`,8µ
)
, sα =
√
1
2
+
x2 + y2 − 2
4
√
x4 + y4 − x2y2 − x2 − y2 + 1 . (10)
3. Partial Wave Unitary Constraints
The parameter space of the SU(3)`×SU(3)E gauged lepton flavor model is very large. We
will impose perturbative unitary constraint on the 2-2 scattering processes to obtain the viable
parameter space. Such a method proved fruitful in constraining the Higgs boson mass [8, 9] or
the mass of the additional Higgs bosons [10]. In particular, we will focus on AaLA
a
L → AbLAbL
process where the subscript L refers to the longitudinal polarization. The relevant Feynman
diagrams are shown in Figure 1. The scattering amplitude is expanded in partial wave as
M = 16pi∑J(2J + 1)aJPJ(cos θ) where PJ(x) is the Legendre polynomial of order J and θ is
the scattering angle. Unitarity of partial wave amplitude requires |aJ | ≤ 1 and |Re(aJ)| ≤ 1/2.
Each Feynman diagram contributing to AaLA
a
L → AbLAbL gives an amplitude that grows with
the center-of-mass energy,
√
s. Gauge invariance ensures that the s2 and s growth in the
full amplitude cancels. We will focus on the s0 part of the amplitude. In particular we will
concentrate on the J = 0 partial wave amplitude. Taking the s→∞ limit and subtract off the
divergence in the forward direction, we have
a0 = g
2
`
∑
c
fabc
(
Mˆ4Aa
Mˆ2
Ab
Mˆ2
Ac
+
Mˆ4
Ab
Mˆ2
Aa
Mˆ2
Ac
+
10Mˆ2Aa
Mˆ2
Ab
+
2Mˆ2
Ab
Mˆ2
Aa
− Mˆ
2
Aa
Mˆ2
Ac
− 8MˆAa
Mˆ
Ab
+
8Mˆ
Ab
MˆAa
−
Mˆ2
Ab
Mˆ2
Ac
)
, (11)
where only the index c is summed over, fabc is the SU(3) structure constant, Mˆ2Aa is given in
Equation (9) and we have dropped terms suppressed by O(1/s). For the case a = ±, we have
T+ = sαT
3 + cαT
8 and T− = cαT 3− sαT 8. Since the partial wave amplitude is real for any a, b,
we impose the constrain Re[a0] ≤ 1/2.
4. Results
Neutrino oscillations place constraints on the neutrino squared mass difference. In the normal
hierarchy scenario, mν1 . mν2  mν3 , the constraints are m2ν3 −m2ν1 ∈ [2.45, 2.69] × 10−3eV2
and m2ν2 − m2ν1 ∈ [6.93, 7.96] × 10−5eV2 at 99% confidence level (CL) [11]. For the case of
inverted hierarchy, mν1  mν2 . mν3 , the constraints are m2ν3 −m2ν1 ∈ [2.42, 2.66] × 10−3eV2
and m2ν3−m2ν2 ∈ [6.93, 7.96]×10−5eV2 at 99% CL [11]. Moreover, the sum of the three neutrino
Figure 2: Viable neutrino spectrum
for normal hierarchy (red) and inverted
hierarchy (blue). Region compatible
with perturbative unitarity is shown in
green. This translates to the lower
bound on the lightest neutrino mass
mν1 ≥ 3.76 × 10−3 (18.9 × 10−3) eV in
the normal (inverted)
masses is constrained by cosmological observations. Combining constraints from the cosmic
microwave background and baryonic acoustic oscillation gives
∑
mνi ≤ 0.17 eV at 95% CL [11].
Combining the above experimental constraints with the constraint from partial wave unitary,
Equation (11), we obtain the viable neutrino spectrum for the case g` = 1, see Figure 2.
5. Conclusions and Final Remarks
Experimental constraints on neutrino mass alone cannot determine the lower bound on the
lightest neutrino mass, mν1 . Combining experimental and partial wave unitary constraint, we
determine the lower bound on mν1 . In the context of the gauged SU(3)`×SU(3)E lepton flavor
with the gauge coupling g` = 1, we find mν1 ≥ 3.76 × 10−3 (18.9 × 10−3) eV in the normal
(inverted) hierarchy scenario.
In principle, one could also obtain unitary constraints from the AaLA
a
L → NiN¯i and
NiN¯i → NjN¯j processes. However, we have checked explicitly that these constraints are
automatically satisfied.
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